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ABSTRACT

MAXIMUM POWER POINT TRACKING OF A SOLAR PANEL USING A DC BUS
Rithvi Reddy Sathapur, M.S.
Department of Electrical Engineering
Northern Illinois University, 2014
Donald Zinger, Director

A system is designed to extract the maximum power from a solar panel using
SIMULINK software. The main objective of this thesis is to track the maximum power point
from a solar panel by using a DC bus and to notice the changes in the voltage, current and power
of the solar panel with the change in the irradiation level. The solar panel is designed by
considering the standard current and voltage conditions. A maximum power point tracking
algorithm is designed in a MATLAB code and the output gives the track of the maximum power
point reached by the system which is given as a feedback to the solar panel by using DC bus and
extract the maximum power out of the solar panel. The DC bus used in this system acts as an
infinite load which accepts the maximum ranges in order to get the maximum power. For
different irradiation levels, there will be a change in the solar panel’s current, power and voltage
and the maximum power point as well. These changes in power and current of the solar panel
with respect to the voltage are observed by simulation for different irradiation levels, and the
maximum power point for different conditions are tracked.
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CHAPTER 1
INTRODUCTION

A circuit is designed in SIMULINK by connecting the main components solar panel with
an irradiation variation block, the DC bus and current controller. The solar panel is the heart of
the circuit which runs the entire system by giving the power out of it. The solar panel is designed
in a subsystem by using the standard current and voltage conditions to give the total voltage and
current. Figure 1 is the main circuit which describes the above-mentioned connections. The
subsystem of solar panel can be seen in Figure 2, which has an input of irradiance that can be
varied.
The output current of the solar panel obtained is given as a feedback to the s-function
MPPT (maximum power point) block which is then coded with MPPT algorithm to track the
maximum power point at every irradiance level. The output voltage is also given as a feedback to
this s-function block as an input. The MPPT algorithm is coded to deal with the conductance
conditions. The output of this gives the maximum power point reached by the system at that
voltage, current and irradiance levels. This block always accepts the updated values in it at
different irradiance and tracks the maximum power point at that level which can be observed in a
graph.
This system has a current controller which controls the flow of current all the time. The
DC bus acts as an infinite load, which has a probability to accept maximum range of values and
helps the system in feeding back the output voltage to the solar panel in order to extract the
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maximum power from the solar panel. DC bus is very simple to use and reliable as well. There is
a capacitor to take care of the storage in the system.
With the change in the irradiation, the changes in the solar panel’s current and power
with respect to the voltage are observed in the graphs and the point at which the current and
power are maximum are noticed. Maximum power point is also tracked by the MPPT (maximum
power point tracking) algorithm and observed in the graph at that point of change.

3

Figure 1. Main circuit of the system.
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Figure 2. Level 1 of the main circuit.

CHAPTER 2
SOLAR PANEL
A solar panel is a set of photovoltaic modules which are electrically connected and
mounted on a supporting structure [1]. A solar panel can be used as a component of a larger
photovoltaic system to generate and supply electricity in residential and commercial applications.
Solar modules use light energy from the sun to generate electricity through the photovoltaic
effect. Most solar modules are rigid, but semi-flexible ones are available, based on thin-film
cells. The electrical connections are made in either series or parallel to achieve the desired
output. We get the voltage when connected in series and current when connected in parallel. The
solar cells must be connected not only with one another but also to the rest of the system.
A solar panel presents a nonlinear I-V characteristic curve which represents the change in
current with respect to voltage. A mathematical model of solar panel is used to study the
maximum power point tracking (MPPT) algorithm and simulation as well. In order to design a
solar panel in this system, a set of equations and standard conditions are used to obtain the solar
current [2].
The solar irradiance is a measure of the irradiance (power per unit area on the Earth’s
surface) produced by the sun in the form of electromagnetic radiation. Solar irradiance in a
specific area may be measured as insolation [3].

2.1 Designing a Solar Subsystem

A solar subsystem is designed by considering the following current equations. The
equation that describes the I-V characteristic of an ideal photovoltaic cell is [4]:

𝑞𝑞𝑞𝑞

I= 𝐼𝐼𝑝𝑝𝑝𝑝 − 𝐼𝐼𝑜𝑜 �exp �𝑎𝑎𝑎𝑎𝑎𝑎 − 1��

 Equation (1)

where 𝐼𝐼𝑝𝑝𝑝𝑝 is the photovoltaic current and 𝐼𝐼𝑜𝑜 is the saturation current,
q is the electron charge (1.60217. 10−19 C ),

K is the Boltzmann constant (1.3806503. 10−23/K),
T is temperature,
a is an ideality constant.
Equation 1 does not represent the total I-V characteristic of a solar array; the observation of the
characteristics at the terminals of a solar array requires the extension of this equation.
So, equation 1 can be simplified to:
𝑉𝑉+𝑅𝑅𝑠𝑠 𝐼𝐼

I= 𝐼𝐼𝑝𝑝𝑝𝑝 − 𝐼𝐼𝑜𝑜 �exp � 𝑎𝑎.

𝑉𝑉𝑡𝑡

− 1��  Equation 2

where Vt is the thermal voltage with Ns cells connected in series,
Vt = NskT/q,
Rs is the resistance connected in series and Rp is the parallel resistance.
The characteristic curve of I-V is shown in Figure 3, a current graph with respect to voltage. It
has three points, a short circuit (0, Isc ), maximum power point (Vmp, Imp), and open circuit (Voc,0)
[5].
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Figure 3. Characteristics of I-V curve [4].

The photovoltaic array gives the standard information about the nominal open-circuit
voltage Voc, the nominal short-circuit current Isc,, the voltage at the maximum power point Vmp,
the current at the maximum power point Imp, and the maximum experimental peak output power
Pmax.
This information is always provided with reference to the nominal or standard test
conditions (STC) of temperature and solar irradiation. The results of I-V curves for several
irradiations are observed in this system. The amount of incident light directly affects the
generation of charge carriers and consequently the current generated by the device [5]. The
currents of photovoltaic and saturation are represented by equations 3 and 4.
𝐼𝐼𝑝𝑝𝑝𝑝 = (𝐾𝐾𝑡𝑡 ∆𝑡𝑡 + 𝐼𝐼𝑠𝑠𝑠𝑠 )

𝐺𝐺

𝐺𝐺𝑛𝑛

 Equation 3, Photovoltaic Current

∆T = T − Tn , T and Tn are the actual and nominal temperatures,
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G [W/m ] is the irradiation on the device surface and Gn is the nominal irradiation.

Io =

Ipv

𝑈𝑈
�exp� 𝑜𝑜𝑜𝑜 −1��
𝑎𝑎. 𝑉𝑉𝑡𝑡

where Uoc = ∆𝑡𝑡. 𝐾𝐾𝑡𝑡 + 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜

 Equation 4, Saturation Current
 Equation 5

Apart from these, the standard values considered for this system are as follows:
I𝑀𝑀𝑀𝑀 = 7.61 𝐴𝐴

V𝑀𝑀𝑀𝑀 = 26.3 V

𝑃𝑃𝑚𝑚𝑚𝑚𝑚𝑚 = 200.143W
𝐼𝐼𝑆𝑆𝑆𝑆 = 8.21𝐴𝐴

𝑉𝑉𝑂𝑂𝑂𝑂 = 32.9𝑉𝑉

𝐼𝐼 𝑜𝑜 = 9.625. 10−8 A
𝐼𝐼 𝑃𝑃𝑃𝑃 = 8.214 𝐴𝐴

The following block is the one which is used in the SIMULINK to give the conditions.

By applying all these conditions, the total current varied with respect to voltage at different
irradiations is shown in the Figure 4.
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The solar cell I-V curve; a line intersects the knee of the curve where the maximum
power point is located (Figure 5).

Figure 4. I-V curve for different irradiations [6].

Figure 5. I-V curve describing maximum power point [6].
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With the variations of current and voltage, the varied power is plotted with respect to the
voltage, shown in Figure 6.
Different powers obtained for different irradiation levels and the maximum power point
obtained at that particular level is shown in Figure 7.

Figure 6. Power voltage (P-V) graph of the solar panel [6].
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Figure 7. Different powers obtained for different irradiation levels [6].

CHAPTER 3
MAXIMUM POWER POINT TRACKING (MPPT)
For any photovoltaic cell, a particular point where the maximum power is obtained when
the current and voltage are maximum is known as maximum power point. Photovoltaic cells
have a complex relationship between their operating environment and the maximum power they
can produce [6]. A typical solar panel converts only 30 to 40 % of the incident solar irradiation
into electrical energy. Maximum power point tracking technique is used to improve the
efficiency of the solar panel.
The MPPT (maximum power point tracking) is an automatic adjustment of the load to
achieve the power out of the solar panel, which varies due to factors like weather conditions,
temperature and solar irradiation. As the current and voltage have an exponential relationship
[7], the maximum power point (MPP) occurs on the knee of the I-V curve where (dP / dV) = 0. It
can be said that the characteristic resistance of the solar cell is equal to the load resistance.

3.1 MPPT (Maximum Power Point Tracking) Algorithm

To track the maximum power point for every change in irradiation, s-function MPPT
block is designed in MATLAB and connected to the solar panel. This block contains the code
which includes the conditions of conductance for different changes in the current. The power
delivered from or to a device is optimized where the derivative (graphically, the slope) dI/dV of
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the I-V curve is equal and opposite the I/V ratio (where dP/dV=0) is known as the maximum
power point (MPP). It is used to maximize module output power [8].

An algorithm used to find the maximum power point is summarized below. This algorithm finds
a reference voltage (Vref ) used to control the current into the DC bus. The value of Vref is
updated based on the relation between changes in current and changes in voltage.
The change in voltage (dV) and the change in current (dI) are observed and coded as:
dV= u(1)- x(1) and
dI= u(2)- x(2), where
u(1) - Present value of the voltage developed
u(2) - Present value of the current
x(1) - Previous voltage and
x(2) – Previous current
The output Vref is termed as x(3); K1 is the step change that should be added or decreased. Vref
is updated based on three different cases.

Case 1

If dV=0, i.e., change in the voltage is zero, then the change in the current is also zero and
x(3) = Vref. There will be no change in the output and the change in the conductance will be
𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑

=

𝑢𝑢(2)
𝑢𝑢(1)

[8].
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Case 2

If dI>0, then Vref= x(3) + K1 . The change in the conductance is
Case 3

𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑

>

𝑑𝑑𝑑𝑑

𝑢𝑢(2)
𝑢𝑢(1)

.

𝑢𝑢(2)

If dI<0, then Vref= x(3) – K1. The change in the conductance is 𝑑𝑑𝑑𝑑 < 𝑢𝑢(1) .

The designed MPPT system has two inputs, solar panel’s current and the output voltage [6]. It
always updates itself by taking the new reference voltages according to the changes and gives the
new track of the power. With the change in the irradiance, there will be a change in the
maximum power point based on the changes in the P-V’s current and voltage.
The power output of a module varies as a function of the voltage in a way that power
generation can be optimized by varying the system voltage to find the maximum power point [9].
This MPPT algorithm gives an output of reference voltage to control the current into the DC bus.
For a particular condition, the maximum power point is obtained from the I-V and P-V
graphs; the common voltage at which the power and current is maximum. It can be observed in
the Figure 8.

Figure 8. The maximum power point tracked from I-V and P-V graphs [10].

3.2 Description of MATLAB Code

MATLAB is a software package for computation in engineering, science, and applied
mathematics. It is mainly used for its simplicity and user friendliness. Help option lets a user to
learn the software independently. It has a high advantage due to its fast performance and its huge
computation level [11]. SIMULINK is an extension to MATLAB which is used for the
construction of a block diagram. A block diagram is simply a graphical representation of a
process, which is composed of an input, the system, and an output. However, SIMULINK uses a
graphical user interface (GUI) for solving process simulations. It allows the user to easily
simulate systems of linear and nonlinear ordinary differential equations. The construction of a
model is simplified with click-and-drag mouse operations [11].

SIMULINK includes a comprehensive block library of toolboxes for both linear and
nonlinear analyses. Models are hierarchical, which allow using both top-down and bottom-up
approaches. As SIMULINK is an integral part of MATLAB, it is easy to switch back and forth
during the analysis process and thus the user may take full advantage of features offered in both
environments.

The functioning of this software can be done firstly by writing the MPPT code in
MATLAB and saving it in an m-file. The SIMULINK design is done by the connections
described previously and also by adding the m-file to s-function block in this system. Once the
file is saved, it is simulated by running the design and observing the output results in the graphs.
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A MATLAB code is designed to generate the maximum power point track at each
irradiation level. The system is given the m-file s-functions which can be defined with ordinary
differential equations/discrete system equations to use within a Simulink block diagram.
The general form of m-file s-function syntax is:
[SYS, X0,STR,Ts]= Sfunc (T,x,u,flag).
The value returned by the s-function at a given point of time depends on the value of the flag, the
current state vector x and also the input u.
X0= Initial state conditions,
STR= State ordering strings,
Ts=Sample time.
After the first output is generated with the initial values, that system generates the outputs
and gives the voltage as a feedback and updates the program to get a new output. The previous
output acts as an input in the next cycle and it continues to get the maximum power point which
is simultaneously observed in a scope. The output will be a reference voltage which is used to
control the current into the DC bus.

CHAPTER 4
DC BUS

The DC bus used in this system acts as an infinite load to accept the maximum probable
range and extract the maximum power out of the solar panel. The DC bus is used to give the
reference voltage generated as a feedback to the solar panel in order to get the maximum power
out of it. As the DC bus gives the feedback to the solar panel, the panel updates itself with the
new voltage and gives the new I-V and P-V graphs accordingly. During this process there is a lot
of current fluctuations in the system. So, a current controller is used to control the flow of
currents and give it to the DC bus. A parallel RLC is connected in parallel to the DC bus to
manage the power storage. Communication between the panels and the energy management
controller allows the optimization of each solar panel operating point to increase the efficiency of
the entire system [10]. The strings of the solar panels form an entire data network over the highvoltage power line. It is easy to implement, as it is low cost and occupies less space.

CHAPTER 5
RESULTS

The I-V and P-V curves for different irradiation levels are observed and also the
maximum power point of the system is also tracked and observed in a graph. The following
results can be observed,
5.1 For an Irradiation of 500 W/m2

Figure 9 shows the current vs voltage trajectory for the MPPT algorithm with 500 W/m2 .

The power curve trajectory for this condition is shown in Figure 10. The voltage and current are
individually shown as function of time in Figure 11, while Figure 12 shows the reference value
used in the control. Note that the power tends toward its maximum of nearly 100 watts.
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Figure 9. I-V curve for an irradiation of 500 W/m2 .
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Figure 10. P-V curve for an irradiation of 500 W/m2 .
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Figure 11 Change in current and voltage with respect to time in a solar panel for
Ir=500 W/m2
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Figure 12. MPPT (maximum power point tracking) for Ir=500 W/m2 .

5.2 For an Irradiation of 800 W/m2
Figure 13 shows the current vs voltage trajectory for the MPPT algorithm with 800
W/m2 . The power curve trajectory for this condition is shown in Figure 14. The voltage and
current are individually shown as function of time in Figure 15, while Figure 16 shows the

reference value used in the control. Note that the power tends toward its maximum of nearly 160
watts.

Figure 13. I-V curve for an irradiation of 800 W/m2 .
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Figure 14. P-V curve for an irradiation of 800 W/m2 .
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Figure 15. Change in current and voltage with respect to time in a solar panel for
Ir=800 W/m2 .
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Figure 16. MPPT (maximum power point tracking) for Ir=800 W/m2 .
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5.3 For an Irradiation of 1000 W/m

Figure 17 shows the current vs voltage trajectory for the MPPT algorithm with 1000
W/m2 . The power curve trajectory for this condition is shown in Figure 18. The voltage and

current are individually shown as function of time in Figure 19, while Figure 20 shows the

reference value used in the control. Note that the power tends toward its maximum of nearly 200
watts.

Figure 17. I-V curve for an irradiation of 1000 W/m2 .
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Figure 18. P-V curve for an irradiation of 1000 W/m2 .
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Figure 19. Change in current and voltage with respect to time in a solar panel
for Ir=1000 W/m2 .

31

Figure 20. MPPT (maximum power point tracking) for Ir=1000 W/m2 .
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5.4 For an Irradiation of 1500 W/m

Figure 21 shows the current vs voltage trajectory for the MPPT algorithm with 1500
W/m2 . The power curve trajectory for this condition is shown in Figure 22. The voltage and
current are individually shown as function of time in Figure 23, while Figure 24 shows the

reference value used in the control. Note that the power tends toward its maximum of nearly 310
watts.

Figure 21. I-V curve for an irradiation of 1500 W/m2 .
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Figure 22. P-V curve for an irradiation of 1500 W/m2 .
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Figure 23. Change in current and voltage with respect to time in a solar panel
for Ir=1500 W/m2 .
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Figure 24. MPPT (maximum power point tracking) for Ir=1500 W/m2 .
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5.5 For an Irradiation of 2000 W/m

Figure 25 shows the current vs voltage trajectory for the MPPT algorithm with 2000
W/m2 . The power curve trajectory for this condition is shown in Figure 26. The voltage and
current are individually shown as function of time in Figure 27, while Figure 28 shows the

reference value used in the control. Note that the power tends toward its maximum of nearly 360
watts.

Figure 25. I-V curve for an irradiation of 2000 W/m2 .
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Figure 26. P-V curve for an irradiation of 2000 W/m2 .
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Figure 27. Change in current and voltage with respect to time in a solar panel
for Ir=2000 W/m2 .
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Figure 28. MPPT (maximum power point tracking) for Ir=2000 W/m2 .
5.6 For an Irradiation of 2500 W/m2
Figure 29 shows the current vs voltage trajectory for the MPPT algorithm with 2500
W/m2 . The power curve trajectory for this condition is shown in Figure 30. The voltage and

current are individually shown as function of time in Figure 31, while Figure 32 shows the
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reference value used in the control. Note that the power tends toward its maximum of nearly 380
watts.

Figure 29. I-V curve for an irradiation of 2500 W/m2 .
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Figure 30. P-V curve for an irradiation of 2500 W/m2 .
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Figure 31. Change in current and voltage with respect to time in a solar panel
For Ir=2500 W/m2 .
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Figure 32. MPPT (maximum power point tracking) for Ir=2500 W/m2 .
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5.7. Comparison Table

A comparison of the results is shown in Table 1. This table indicates that the MPPT
followed a pattern consistent with the maximum power capable of being delivered at different
irradiation levels.
Table 1
Comparison of Results
Irradiance
(W/𝒎𝒎𝟐𝟐 )

Current (I) Amp

Power (P) Watts

MPPT

500

4.1

100

3.8

800

6

160

5.9

1000

7.5

200

7.4

1500

10.2

310

11

2000

11

360

15

2500

13

380

18.5

CHAPTER 6
CONCLUSION

By implementing this system, the maximum power has been extracted from the solar
panel and the maximum power point is tracked for different irradiation levels. Output power
obtained and the irradiation are directly proportional to each other. The SIMULINK model
designed is simulated to get the I-V (Current voltage) curve and P-V( Power voltage) curves
obtained for different irradiations, and by the common voltage at which the maximum current
and voltage are obtained, the maximum power point has been tracked for that particular
irradiation.

Future Work:
We can even extend this system by interfacing it to the grid and deal with the DC to AC
current conversions by using an inverter.
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